Prevalence of malnutrition among under-five children is very high in many developing countries of the World. As a step towards reducing the prevalence, there is need to identify the important determinants of malnutrition in the specific context. This study examined the prevalence and determinants of malnutrition among under-five children of farming households in Kwara State, Nigeria. Descriptive and regression analyses were used to analyze anthropometrics data collected from 127 children selected randomly from 40 rural villages in the State. Descriptive results indicate that 23.6%, 22.0% and 14.2% of the sample children were stunted, underweight and wasted respectively. Regression analysis shows that the significant determinants of malnutrition were gender and age of child, education and body mass index of mother, calorie intake of the households, access to clean water and presence of toilet in the households. To reduce the present high rate of malnutrition in the area, the study suggests the targeting of women with education programmes and provision of clean water, including the enforcement of healthy environment in the rural areas.
to inadequate food and nutrient supply. The 2003 Nigeria Demographic and Health Survey revealed that 38% of under-five children in Nigeria are stunted, 29% underweight and 9.2% wasted (Ajieroh, 2010) . The 2004 Food Consumption and Nutrition Survey reported similar trends with 42% stunted, 25% underweight and 9% wasted (Ajieroh, 2010) . These surveys indicated significant variation between the rural and urban areas with children from rural areas worse affected by malnutrition.
Malnutrition is insufficient, excessive or imbalance consumption of dietary energy and nutrients. It manifests in different forms, such as under nutrition, over nutrition and micronutrients malnutrition (Smith and Haddad, 1999) . Malnutrition in early childhood is associated with functional impairment in adult life as malnourished children are physically and intellectually less productive when they become adults (Smith and Haddad, 1999) . Children that are malnourished tend to have increased risk of morbidity and mortality and often suffer delayed mental development, poor school performances and reduced intellectual achievement.
Many empirical studies have looked into issues of food security and nutrition in Nigeria (e.g. Babatunde et al., 2007) . However, little effort had been devoted to examining the determinants of malnutrition among under-five children of farming households. What is more common is a baseline survey of malnutrition among selected population of children to establish the proportion that is malnourished. This is the research gap which this study hopes to fill. An understanding of the determinants of malnutrition is imperative if the current high rate of malnutrition is to be reduced. The study can provide information that can be used for nutritional surveillance and targeting programmes that would focus more on populations most affected. The study also makes important contribution to literature by analyzing nutritional status as a non-monetary measure of poverty which is a recent innovation in the literature. This is based on the argument that nutritional status is a different dimension of welfare (capability deprivation) from income and expenditure. In addition, individual well-being in the form of nutritional status can be directly observed as opposed to household well-being. Monetary comparisons of welfare over time are hampered by the absence of reliable and verifiable deflators, and information collected in surveys is often inadequate to solve this problem (Kabubo-Mariara, et al 2006) .
The objective of this paper is to examine the prevalence and determinants of malnutrition among under-five children of farming households in Kwara State of Nigeria. Kwara State was chosen for this study because under nutrition and poverty are prevalent in the State. For example, the nationwide food consumption and nutrition survey conducted in 2004 indicated that the State is among the six poorest in Nigeria in terms of prevalence of undernourishment and income poverty (NBS, 2006) . Apart from this, there are no recent studies that have empirically analyzed the determinants of malnutrition among under-five children of farming households in the State. To achieve the objective of the study, three main indicators of child malnutrition was used; stunting, underweight and wasting. By taking anthropometric measurements of sex, age, height and weight, and using them to generate Z-scores, the study estimated the prevalence of stunting, underweight and wasting among under-five children of selected farming households. In the regression analysis, the three malnutrition indices were regressed against several child-specific, households and socioeconomic variables.
The remaining parts of this paper are arranged as follows. Section 2 presents a brief analytical framework of the determinants of child malnutrition. Section 3 discusses the data and methodology, while section 4 discusses the results. Section 5 concludes the paper with a discussion of the policy implications.
Analytical framework
Studies of determinants of children's nutritional status follow the household production framework of Becker (1965) and Strauss and Thomas (1995) . Starting with a simple household utility maximizing model, we assume that a household has preferences that can be characterized by the utility function, U which depends on consumption of a vector of commodities, X, leisure, L, and the quality of children represented by their nutritional status, N:
Where N is measured using standardized anthropometric measures of height for age z-score (haz), weight for age z-score (waz) and weight for height z-score (whz). The assumption in such a model is that good nutrition, as represented by the vector of nutritional status of children is desirable in its own right, and it is likewise assumed that households make consumption decisions on the basis of reasons other than nutrition (Pitt and Rozenzweig, 1995) .
Household utility is maximized subject to several constraints, including a time specific nutrition production function and income constraints. Guided by the underlying determinants, the reduced form nutritional function for each child can be derived as:
Where C is consumption, W is a vector of child-specific characteristics; H is a vector of household specific characteristics; Z is a vector of health variables and ε is the child-specific disturbance term. The reduced form model can enable us to capture the total impact of child, household and health characteristics rather than their impact conditional on a set of choice variables through a structural model (Strauss and Thomas, 1995) .
The specified nutritional production function allows us to estimate the following equations: are random error terms assumed to be uncorrelated with the covariates included in the reduced form nutritional outcome models.
Individual child characteristics include age and gender of the child. Household level characteristics can be divided into parental characteristics and other household characteristics. Parental characteristics include height of the mother, age, education, and marital status. Height of the mother captures both the genetic effects and the effects resulting from family background characteristics not captured by maternal education. Maternal education is expected to improve nutrition through altering the household preference function and also through better child care practices. Other household characteristics include household structure, per capita income, asset position, number of dependents and headship. The structure of the household enable us to test whether presence of older siblings may improve a child's nutritional status, and also whether presence of more adult women, holding household size and age composition of the household constant improve the nutritional status of a child (Sahn and Stifel, 2003) . Previous studies have also included a vector of other household characteristics such as religion, ethnicity and even occupation of the household head, depending on availability of data. Health variables represent access to immunization and health care as well as environmental factors such as water and sanitation (Strauss and Thomas 1995) .
Data and methodology

The study area
This study was conducted in Kwara State, north central Nigeria. Kwara State was chosen for this study because it is among the six poorest in Nigeria in terms of undernourishment and income poverty. About 83% of the population of the State classified themselves as being poor (NBS, 2006) . The State lies between latitudes 7° 45′ N and 9° 30′ N of the equator and longitudes 2°30′E and 6° 25′E of the equator. It shares boundaries with Osun, Oyo, Ondo, Kogi, Niger and Ekiti states. Kwara State shares an international boundary with the Republic of Benin in the west. The State has a population of about 2.37million people (NPC, 2006) out of which farmers account for about 70%. The average population density of the state as at 2006 was about 73 people per square kilometer. There are a total of 1,258 rural communities in Kwara State (NPC, 2006) . Based on agro-ecological and cultural characteristics, the state is divided into four agricultural zones -zones A, B, C and D, by the Kwara State Agricultural Development Project (KWADP).
A humid tropical climate prevails over the state and it has two distinct seasons; the wet and dry seasons. The wet season last between April and October during which there is rain and the dry season with no rain is between November and March. The state is primarily agrarian with great expanse of arable land and rich fertile soils. The soil types are ferrisols on loose sandy sediments, while the soils are reddish to the north and yellowish-brown to the south. These soil types are less leached and are suitable for growing different types of crops. The State has a total land area of about 32,500km 2 , which is about 3.5% of the total land area of the country, which is put at 923,768km 2 (KWSG, 2006) . Approximately 25% of the land area of Kwara State is use for farming.
The farming system in the state is characterized by low quality but surplus land, low population density and mostly cereal-based cropping pattern. Kwara State has a large lowland areas that are often flooded and waterlogged during the rainy season but retain enough moisture during the dry season for fadama production. The typical cropping systems in the state are maize-based system, yam-based system, cassava-based system and rice cultivation in areas located along river Niger, the major river in the state. Agricultural production is largely peasant and small-scale relying heavily on the use of manual labour equipped with crude implements, while fertilizers, mechanical implement, improved seeds and agrochemicals are also used to some extent. Landholding in the state is very small and most of the households have less than two hectares of land for farming. Farm enterprises are generally small in size, so that -in spite of own production most households are net buyers of food, at least seasonally (KWSG, 2006) .
Data collection
A three-stage random sampling technique was used to select the sample respondents for the analysis. Eight out of the 16 local government areas in Kwara State were randomly selected in the first stage. Then, five villages were randomly chosen from each selected local government area, and finally, six households were sampled in each of the resulting 40 villages, using complete village household lists provided by the local authorities. Thus, a total of 240 households in all were selected. Personal interviews were carried out with the household head, usually in the presence of the spouse or other family member responsible for preparing the family meals. A standardized questionnaire was used that covered information on household expenditure, consumption, farm and off-farm income, socioeconomic characteristics, and various institutional and village variables. Farm income covers commodity sales and subsistence production, both valued at local market prices. Respondents were asked to specify in detail all inputs used, outputs obtained, and prices for the different crop and livestock activities over the 12-months period prior to the survey. Non-farm income and other income were recorded separately for all household members, also covering a 12-months period, in order to avoid a seasonality bias. After cleaning the data, 20 of the questionnaires were found unsuitable for analysis.
Food consumption data was collected at the household level and it covers 105 food items. Quantities consumed include food from own production, market purchases, and out-of-home meals and snacks. While also here it would be desirable to have annual data that are free from seasonality effects, it is well known that the accuracy of food consumption data is negatively correlated with the length of the recall period (Bouis, 1994) . Hence, we decided to use a 7-day recall in our survey. The survey was carried out in the lean season, during which household food consumption is often below the annual average. Therefore, the calorie intake variable might be somewhat underestimated. Food quantities consumed at the household level were converted to calories using the locally available food composition table (Oguntona and Akinyele, 1995) . Resulting calorie values were divided by the number of Adult Equivalent (AE) in a household, in order to obtain the per capita calorie intake. This value was again divided by the 7-days recall period to obtain per capita daily calorie intake of each household. We define a food secure household as one whose daily calorie intake per AE is greater than or equal the minimum daily calorie requirement for adult men of 2500 kcal (FAO/WHO/UNU, 1985). Households with lower calorie intakes are considered to be undernourished. Anthropometric data of gender, age, height and weight were collected from children that are under the age of five. In the 220 sampled households, there were 127 children below the age of five from whom anthropometrics measurements were taken.
Anthropometric analysis
Anthropometry is a technique that uses human body measurements to draw conclusion about the nutritional status of individuals and population. Anthropometry is more often applied to pre-school children below the age of 5 years. To carry out anthropometric analysis, several variables such as child's age, sex, height and weight. These measurements are used in generating indices such as, height-for-age, weigh-for-age and weight-for-height. The indices generated were compared with standard reference values of the United States National Center for Health Statistics (NCHS) to obtain the Z-scores. Specifically the height-for-age Z-score, for example is given as: Z = X-μ/σ Where X is the child's height-for-age, μ is the median height-for-age of the reference population of children of the same age and sex group, σ is the standard deviation of the reference population.
From the z-scores, the nutritional status of the child was determined. For this study, three indices of malnutrition among all the sampled children were determined. These are stunting, underweight and wasting. Stunting refers to a low height-for-age. It is a measure of chronic or long-term malnutrition in children and a good indicator of cumulative growth retardation. Children whose height-for-age Z-score is below minus 2 standard deviation from the median of the reference population are classified as stunted. Underweight denotes a low weight-for-age and it is a measure of combination of chronic and acute malnutrition. Children having weight-for-age Z-score less than minus 2 standard deviation from the median of the reference population are regarded as underweight. Wasting represents a low weight-for-height and it is a measure of acute malnutrition, an indicator of short-term fluctuation in nutritional status. It is commonly use in emergency situation to assess nutritional deficiency when the age of the child is not known and children with weight-for-height Z-score that are less than minus 2 standard deviation from the median of the reference population are classified as wasted. The prevalence of malnutritionusing these indices, was also examined among under-five children for different household income quartiles. This is with a view of finding the relationship between children malnutrition and household income. The anthropometric analysis was carried out by using the NutriSurvey software for emergency nutrition assessment.
Regression analysis
For the purpose of analyzing the determinants of malnutrition, we specify a child malnutrition model represented as:
Where Mi is the malnutrition indices, C is vector of child-specific variables, H is vector of household variables and V is vector of child health and other variables, and ε is the random error term. We used three indices of malnutrition earlier mentioned: Stunting, underweight and wasting. The malnutrition index takes value 1 for a malnourished child and 0 otherwise. Since the dependent variable is dichotomous, the Logit estimation technique was used to analyze the data. Furthermore, we used a cluster correction procedure for model estimation, so that robust standard errors were reported. Given our multi-stage random sampling approach, with household observations clustered by villages, this approach takes care of potential intra-cluster correlation of the error term and produces a consistent variance-covariance matrix. Regression analysis was carried out by using the STATA analytical software. Table 1 shows sample statistics and description of selected household and child variables. The results show that of the 127 children in the sample households, 52% were male, while 48% were female. The mean age of children was approximately 50 months. Ninety percent of the households were headed by men and 10% were headed by women. The mean age of household head in the sample was 59 years, indicating that household heads in the area were relatively old.
Results
Descriptive statistics of selected households and child variables
The average household size was 5 adult equivalents. This is consistent with the national average household size reported by NBS (2006) . The dependency ratio was 54%, though with a wide standard deviation across the sample households. The low dependency ratio is probably due to the low population density of the State. An average household head in the sample have approximately 7 years of schooling, while the spouses have 3 years of schooling. Table 1 also shows that total household income is approximately N30,000 naira per capita (250 US$) per year from all income sources. This is however lower than the national average of N45,250 in Nigeria, but still a reasonable figure for households located in rural areas of Nigeria (NBS, 2006) . The average household income figure further confirms the level of poverty in the State as discussed earlier. The mean daily per capita household calorie supply was 2427.5 kcal, which is slightly below the 2500 kcal recommendation, but still in line with another recent study for rural Nigeria (Aromolaran, 2004 ). The asset variable shows that the average household in the sample has productive assets worth about 74 thousand naira. The body mass index of mothers is an indication of the overall nutrition quality of the mother and has important implications for the child health and nutrition. The study shows that the average body mass index of the child mother in the sample was 22.4. This is slightly higher than the 18.5 recommended cut off point. Clean water and toilet facilities are indicators of healthy environment which can improve child health and nutrition. Our results show that about 65% of the households have access to clean water, while 56.6% have sanitary toilet in their house.
Prevalence of malnutrition
The lower part of table 1 shows children nutritional status and prevalence of malnutrition. The results show that the mean height-for-age, weight-for-age and weight-for-height Z-scores were 0.455, -0.586 and -0.991 respectively. Looking at the standard deviations, the results indicate that the mean height-for-age z-score and weight-for-height Z-score show more variations that the mean weight-for-age Z-score. On the average, the nutritional status results suggest that children in the sample households have problem of malnutrition, but the average Z-scores were higher than minus 2 standard deviation from the median score for the reference population.
Results of table 1 further show that 23.6% of the children were stunted, with Z-scores below minus 2 standard deviation from the median of the reference population as defined by the United State National Center for Health Statistics (NCHS). This implies that 23.6% of under-five children in the study area are suffering from chronic malnutrition. This prevalence of stunting is however lower than the national average of 38% recorded during the 2003 Nigeria Demographic and Health Survey (Ajieroh, 2010) . It is also lower than the 42% recorded during the Nigeria Food Consumption and Nutrition Survey in 2004 (Ajieroh, 2010) . Twenty-two percent of the children were underweight, while 14.2% are wasted. While the percentage of underweight children in our sample is lower than the national average of 29%, the percentage of wasted children is slightly higher than the national average of 9.2%.
In table 2, we present income, child nutritional status and prevalence of malnutrition according to income quartiles. The results show that, households in the high income quartile consume more calories and subsequently have a lower prevalence of under nourishment. Similarly, child nutritional status increase with increasing household income. Prevalence of child malnutrition decrease with increased household income implying that richer households are likely to have a lower incidence of child malnutrition. Prevalence of severe malnutritiondefined as number of children with Z-scores below minus 3 standard deviation from the median of the reference population, also showed similar patterns among the sample children. Overall, these descriptive results suggest that children from households with higher per capita income are less likely to suffer from malnutrition (Sarmistha, 1999) .
Determinants of malnutrition
In this section we present the result of the regression analysis of the determinants of malnutrition among the sample children. As mentioned earlier, we used a Logit model to regress stunting, underweight and wasting against the same set of explanatory variables. The dependent variable in each case is a dummy which equals one if the child is malnourished and zero otherwise. Since the Logit model relies on the maximum likelihood estimation procedure, the resulting parameter estimates represent the probability that a child will be malnourished. A positive sign on a parameter implies that the variable will lead to increased malnutrition, while a negative sign indicate that the variable will reduce malnutrition. To safe the degree of freedom, we used only nine explanatory variables that are considered important to children malnutrition. For the three regressions, the goodness of fit of the model is adequate and consistent with other studies on nutritional status (Kabubo-Mariara et al., 2006) . The model is also comparable to other studies like Smith, Ruel and Ndiaye (2005) which used the individual child Z-scores as the dependent variable and employed an ordinary least square (OLS) regression approach.
The results of the analysis of the determinants of malnutrition are presented in table 3. Column 1 of table 3 shows the estimation results of the determinants of stunting (chronic malnutrition). The results show that age of child is positively related to the probability of stunting, implying that other things being equal, older children are more likely to be stunted. This finding is consistent with those of other previous studies in different countries (Sarmistha 1999 , Kabubo-Mariara et al 2006 . This result is plausible considering that many of the younger children are still been breastfed, and chronic malnutrition sets in only after weaning (Babatunde and Qaim, 2010 ). Mother's education has a significant negative relationship with incidence of stunting; suggesting that improved mother's education will reduce the level of child malnutrition. This result is consistent with the findings of Webb and Block (2004) , which highlighted the importance of human capital investment in improving children nutritional status. Educated mothers are better aware about the nutrition requirements of their children and they usually provide improved health care as a result of their awareness.
Our results also revealed that probability of stunting will decrease with better body mass index of child's mother. This is expected as body mass index represents an indicator of the nutritional status of the mothers and their ability to adequately breastfeed their children. Calorie intake of the household is negatively related to the probability of stunting among the sample children. This suggests that children from households that have access to more calories (i.e. food secure) are less likely to be stunted. This finding agrees with past literatures that have shown that the nutritional status of a child is related to the overall nutritional status of the household (Smith and Haddad, 1999) . Having toilet in the household has a significant negative effect on the probability of stunting. This is not surprising as better sanitary conditions lower the risk of infectious diseases and malnutrition. Similarly, access to clean water reduces the incidence of stunting among the sample children. Clean water and toilet are health variables that have been shown in the literatures to contribute to improved nutritional status of children (Armar-Klemesu et. al 2000) .
Column 2 in table 3 shows the determinants of underweight among the sample children. The significant determinants of underweight include, gender of child, education of mother, body mass index of mother and access to clean water. The gender variable revealed that male children are more likely to be underweight, compared to their female counterpart. The results suggest that, other things being equal, improvement in the education of mother, better body mass index and access to clean water will reduce the probability of a child being underweight. Column 3 of table 3 shows that male and older children are more likely to be wasted. This result is consistent with Kabubo-Mariara et al 2006. Better education by mothers will reduce the probability of wasting among under-five children. Similarly, children born to mothers with high body mass index are less likely to be wasted. Calorie intake of the household also influences the incidence of wasting in a significant and negative way. This is not surprising as other things being equal; a well-fed family will produce a well-nourished child (Smith and Haddad, 1999) . As in the case of stunting, presence of toilet and access to clean water improve the nutritional status of children and reduce the probability of wasting.
Conclusions
Studies that analyze the determinants of malnutrition among under-five children are rather scanty in Nigeria. The available ones were based on direct Z-scores using ordinary least square regressions. In this paper, we examined the prevalence and determinants of malnutrition among under-five children of farming households in Kwara State of Nigeria. Descriptive and regression techniques were used to analyze anthropometrics data collected from 127 children. Regression analysis was based on three binary malnutrition indices estimated using Logit regression.
The major findings of this paper are as follows. With regards to the prevalence of malnutrition, we found that 23.6%, 22.0% and 14.2% of the sample children were stunted, underweight and wasted respectively. These figures though lower but are comparable to the national averages for Nigeria. Descriptive analysis of the data indicates that children from richer households were less malnourished than those from poorer households. This underscores the importance of household income in child nutritional status. The regression analysis revealed that child's variables (age and gender), mother's variables (education and nutrition) and health variables (clean water and toilet) were the significant determinants of child malnutrition. We found that, other things being equal, male and older children are more likely to be malnourished. This is probably due to increased attention being paid to female children, as well as reduced care and attention for older and weaned children. Mother's education and body mass index are significant in all our regression models pointing to the fact that child nutrition will improve with increased mother's education and nutrition. Clean water and availability of toilet also reduce the probability of malnutrition. This is in line with previous research in other countries. Household size and dependency ratio do not have any significant effects on malnutrition in our sample.
The results of this study have important policy implications for reduction of child malnutrition in Nigeria. First, the fact that maternal education came out clearly as a significant determinant shows that women education is important to reducing malnutrition and therefore the need for effective targeting of women for education programmes. To a large extent, women are responsible for feeding and caring for young children. The quality of feeding and care given to the children would reflect the level of education of the mother when other factors are fixed. What is needed therefore is to target pregnant women with specific education and health care programs. These specific education and health programs could be included in the formal education curriculum in order to make them reach teenage girls even before their first pregnancy. Second, the provision of clean water for rural households should be taken seriously by government. Clean water will prevent the spread of water-borne diseases that can negatively affect the health and nutrition of young children. Rural households should be encouraged to provide sanitary toilets in their homes. Government can make laws that would compel rural households to observe clean and healthy environment. Finally, it is important to interpret the results of this study cautiously, given the types of data used in the analysis. For instance, child specific and health related data such as birth weight, birth order, access to vaccination and duration of breast feeding were not available in our data set. These variables have been shown to be important for child nutritional status. Moreover, our sample size of 127 under-five children is relatively small. Including more child specific and health related variables, and increasing the sample size, might produce a more robust results. Children whose height-for-age Z-score is below -2 SD 23.6 -Underweight (%)
Children whose weight-for-age Z-score is below -2 SD 22.0 -Wasting (%)
Children whose weight-for-height Z-score is below -2 SD 14.2 - *, **, *** statistically significant at the 10%, 5%, and 1% level, respectively.
